The whey protein which is produced as a byproduct of cheese manufacturing has good functional properties which are beneficial to many emulsified products.1} In the emulsions whey proteins adsorbed on fat-water interfaces stabilize the emulsion. Properties of protein films formed on the fat globule surface during the emulsification are likely to affect the stability and rheological properties of the emulsion. The mechanisms of the adsorption of proteins on fat-water interfaces, therefore, are of great interest. Various factors which affect the emulsifying properties of proteins including the adsorption on interfaces were proposed by many investigators.2~7) However, general rules on the relationship between the protein structure and the adsorbability on fat-water interfaces during the emul- conformational factors are important in the adsorption of proteins. The molecular properties, especially the hydrophobicities, of individual whey proteins and their correlation with the degree of adsorption on the fat surface are investigated in this paper. MATERIALS AND METHODS P reparation of whey and whey proteins. Acid whey was prepared from fresh skim milk and dialyzed against deionized water. After dialysis pH of the whey was adjusted to 6.8 with NaOH and freeze-dried. This was designated whole whey protein and used for the following experiments. P reparation of emulsion and washed cream. Forty milliliter of whey protein dispersions (4% whole whey protein (w/w) in water adjusted to pH 3, 5, 7 and 9) were mixed with 10g of coconut oil and warmed to 50°C. The mixture was homogenized with Polytron PT-20 (Kinematica, Switzerland) at the maximumspeed (19,500 rpm). T he emulsions were centrifuged at lOOOg for 30 min and the aqueous portion was removed by aspiration.
To the floated cream layer was added three to four fold water adjusted to the respective pH at 40°C. The diluted cream was gently mixed and centrifuged at lOOOg for 30 min. Washed cream was obtained by repeating this step five times. Proteins adsorbed onto the fat globule surface were extracted from the washed cream with 2% sodium do- RESULTS AND DISCUSSION F at globule size distribution and adsorbability of whey proteins at different pHs Fat globute size distribution of the emulsions prepared at pH 3, 5, 7 and 9 is shown in Fig. 1 . Range of the globule size was 1~20[i at any pH, but the globule size distribution was slightly different among the emulsions at different pHs. Mean volume diam- the adsorption, as described in the previous paper,7) was observed at each pH. Relative abundance of major proteins calculated from the densitometric patterns of the gels is shown in Table II . High adsorbability of a-lactalbumin at lower pH, that of /Mactoglobulin at higher pH and that of serum albumin at pH 5 alone were marked. Emulsions were prepared at pH 3 (-O-), pH 5 (-à"-), pH 7 (-A-) and pH 9 (-å - 14) In the present study, interactions between the adsorbed whey proteins T. Kamiya and K. Yamauchi and fat were investigated by using these agents.
Washed cream was prepared from the emulsions prepared at pH 3, 5, 7 and 9. Whey proteins were extracted from the washed fat globules (washed cream) with urea and GuHCl (Fig. 3) . Whey proteins adsorbed at pH 5 were gradually extracted with the increase in the concentrations of urea and GuHCl, and 70% of the protein were released from the fat globules with 8m urea or 6m
GuHCl. On the other hand, most (80-90%) of the whey proteins adsorbed at pH 3, 7 and 9 were not extracted even with high concentrations ofurea and GuHCl (Fig. 3 ). As shown in Table  I , the amount of the whey proteins adsorbed at pH 5 was 7.7 mg/m2 fat surface, which was much greater than the values at pH 3, 7 and 9 (2-3 mg/m2 fat). The present results suggest that the whey protein film covering the fat globules consists of two portions. One is the protein fraction tightly bound to the fat surface and the other is looselybound protein fraction which can be easily extracted by the agents as used here. In the emulsions prepared at pH 3, 7 and 9, most of the surface protein seemed to be tightlybound, whereas in pH 5-emulsion the large amount of loosely-bound proteins, in addition, were present. SDS-PAGE of the loosely-bound and tightly-bound protein fractions revealed that there was no marked difference in the composition between both fractions at any pH, except that in pH 5-emulsion serum albumin seemed to be preferentially located in the loosely-bound fraction (data not shown). The increase in the loosely-bound protein at pH 5 was likely to be because of the isoelectric precipitation of proteins at the surface of the protein film covering the fat globules, since this pH was near the isoelectric pHs of the major whey proteins such as serum albumin, a-lactalbumin and /Mactoglobulin.
From the amount of adsorbed proteins (Table I ) and the percentage of proteins not extracted with high concentration of urea or GuHCl (Fig. 3) , the tightly-bound proteins were estimated to be 2-3 mg/m2 at any pH studied here. Bull et al. 15'16) have measured the amount of proteins in-adsorbed monomolecular layers at air-water interfaces and reported the values of 1.8 mg/m2 for egg albumin (denatured from)15) and 4.5 mg/m2 for lysozyme (native and near native form)16) Graham and Phillips, 17) in the studies on /?casein, serum albumin and lysozyme, found that saturated monomolecular coverage at air-water and oil-water interfaces occurs via irreversible adsorption of 2~3 mg protein/ m2. These values were identical with those obtained here, suggesting that the tightlybound proteins in the present study are, at least partly, in the monomolecular structure and are more or less bound with fat phase by hydrophobic interactions.
H ydrophobicity and adsorbability of individual whey proteins In the monomolecular adsorption of proteins to fat surfaces the hydrophobic interactions between proteins and fats must play an important role. Kato and Nakai18) have reported that the emulsifying activities of proteins are strongly correlated with their hydrophobic properties.
The selectivity of proteins in the adsorption onto the fat globule surface was marked as shown in Fig. 2 and Table II . Correlation between the adsorbability and hydrophobicity of the individual proteins was investigated here. The average hydrophobicities of majo/ whey proteins calculated by the method of Bigelow19) were as follows; lactoferrin (1096), serum albumin (1120), immunoglobulin (1095), jS-lactoglobulin (1217) and a-lactalbumin (1119).
There seemed to be no correlation between the average hydrophobicities and adsorbabilities of proteins at any pH. Moreover, the fact that the adsorbability of individual whey proteins is strongly dependent on pH suggests that the average hydrophobicity is not meaningful to elucidate the adsorbability of proteins.
The surface hydrophobicities of individual whey proteins in the whole whey dispersion were evaluated by using hydrophobic affinity Components which were eluted from the columnwithout retardation (1) and with retardation (2) by flowing the respective solutions were separately recovered and analyzed on SDS-PAGE. It was considered that proteins having greater hydrophobicities were bound to octyl-Sepharose more tightly and are not eluted with the initial buffers or mild detergents. Behaviors of the major whey proteins (lactoferrin, serum albumin, immunoglobulins, /Mactoglobulin and a-lactalbumin) at different pHs are shown in Fig. 4 . The surface hydrophobicities of the individual whey proteins were shown to change by the change in pH. With the decrease in pH (from 9 to 3) the surface hydrophobicity and adsorbability of a-lactalbumin were simultaneously increased.
However, with respect to other proteins, changes in the surface hydrophobicity seemed not to coincide with those in the adsorbability. tive adsorption of /Mactoglobulin was higher at pH 9 ( Fig. 2 and Table II) but its surface   hydrophobicity  was relatively  low compared to other proteins at this pH ( Fig. 4-D) . The surface hydrophobicity of serum albumin seemed to be not so low compared to other proteins, while it did not adsorb on the fat surface at pH 3, 7 and 9 ( Fig. 2 and Table II ). These results suggest that the surface hydrophobicity of proteins is not always the factor which decides the selectivity in the adsorption at fat-water interfaces during emulsification. P roteolytic digestion of whey proteins adsorbed on the fat globule surface Washed cream from the emulsions prepared at pH 3, 5, 7 and 9 was digested with proteases such as trypsin and chymotrypsin.
The whey protein dispersions as controls were homogenized at respective pH and treated with prot eases in the same manner.
Trypsin-digestion patterns of whey proteins adsorbed on the fat surface and those of the control whey proteins are shown in Fig. 5 . Whey proteins adsorbed on the fat globule surface, especially at pH 3, 7 and 9, were easily digested than the control. The similar tendencies were also observed by chymotrypsin digestion (data not shown). The results indicated that drastic conformational changes of whey proteins occurred at the fat-water interface by the emulsification. The occurrence of the conformational changes suggests that newly exposed hydrophobic groups of the protein molecules participate in the adsorption of proteins on the interfaces.
The surface hydrophobicities of proteins at native state might be, therefore, not meaningful to evaluate their adsorbabilities at the interfaces, although Nakai et al. have reported that the effective hydrophobicities (actual surface hydrophobicities) of proteins were significantly correlated with inter facial tensions19) and emulsifying activities.18) The easiness in changing the con for-mation of the protein molecules during the emulsiflcation, in other words, the compactness or flexibility ofproteins, would be a more important factor. Furthermore, various protein-protein ' interactions often occur in the systems containing heterogeneous proteins, which possibly affect the apparent surface hydrophobicities and adsorbabilities of the proteins. Effect of these protein-protein interactions, as well as of the conformational factors, on the emulsifying properties would be the subjects for a future study.
